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This documént contains information affecting the national

defengé of the United States within the meaning of the
S. Code, Sections 793 and 794:
The transmission or the revelation of its contents
manner to an unauthorized person is prohibited by law.

It is forbidden to make copies of or exiracte sfrom this
document by other than naval activities except by special
approval of the Secretary of the Navy or the Chxef of Nawval
as appropriate.

Naval activities are forbidden to make copies of or
extracts from this document except as provided in Article

0910, U. S. Navy Security Manual for Classified Matter-1951.

This publicémion‘is cl&ssifiéa RESTRICTED. It #@ a
nonregistéred docdument but shall be handled, s towed,

tfanspérbed and dégtroyed as prescribed by the applicable
reguletxons for RESTRICTED cla°sxf1catman. No report d£
destruction is necessary., '

This report iéudistriﬁﬁied‘tb thé'Chiéf diava1 Opérw
ations, Attention Op-323F2 (30 copies?) and t:0 tne'Bureau of
Aéronautics, Attention TD-4 (10 copies).

_3]’1 any




B R T R " - R L A A S L - A L - LA . v =+ 1 S Ty A TR R s raymmm R ST erv ey 7

S - N S ; 5
ey
IS
¥,
!
i
"
W _
W )
The 7. S. Naval fir Hisgile Test Center was esigb.l'is‘ﬁeé at point Hugu, ’
California, by the Secretary of the Navy (SecNav ltr Op-24/mad Serial 1873P24
dtd 17 September 1946) éffective 1 ‘October 1946. It is an activity of the /
ELEVENTH Nabal District. The Bureait o*‘ Aderonautics exercises mdnagement. and
__ technieal control over this activity. -
The primary mission of the Naval Air Yissile Test Center ts the tegting
and. evaluation of guided missiles and ‘their components. NAHTC is assidned
B . cognizance over all factlitiesat Point Wugu, California,and outlying facilities
' on San Nicolas Island and the Santa Barbera Channel Islands, collectively
referred to .as. the Sea Test Range. _ _
!" " -
- 2t 34 w :
.Commander, Naval f4ir Kisslle Test Center «.... .Captain J. N. Hurphy, USK - '
Commgnding Officer, Naval ALr Station ....i...... gaptain K. T. Fvans, USN R
Director of Tests, Naval Air Hissile Test Center ..... Captain 4. €. Packard, USK
i Chief Scientist, Ndval 24dr Hissile Test Centeér ececeinesoece DFe Re Hellér E
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bars as trailling-edge
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L comtrel suriaces
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ol ‘Convent ional types of cohtrol surfaces for micsiles are compared !
Lol with "bare. A "bar®™ is a small plate placed at right angles to i
P . o 3 s s o o
#7&"’ “i the chord of an airfoil at its trailing edge. Bars, which are
;.,,’:a"i} algso called "trailing-edge spoilers,” were used on German subsecnic -
" ‘é test missiles. Aerodynamic data relative to bars and the influence
:'_;,:“m i ¢ of bars onh the range of a missile are discussed. .
?““.“.#—:& ° N - > ) i
ST 7 ~ L S - = S -
e It is pointed out that a bar is the only type of control surface
I that may-be expected to combine effectiveness t';‘nto_.u'gh the sonic .
; range with small activating forces. It is suggested that tests
of bars in the transonic and supersonic range are desgsirable.. L
5%%?@@8@@%@@@ ' : - I
Missiles intended to be used in great rnumbeérs should_ be sxm,ue
and r—el:xa.bl_e,. Missiles that are designed to hit a fast-moving
T target or that have a short time of attack must ‘have a control
systeimr with short time lags. With conventional contfol surfaces,
te is difficult toé meét these conditions. Filaps, fuithéermore, are g
unreliable near the speed of sound.
- i:_n: R _-:{:pt-)_x:t t‘he -iéy.x_—..i““ba;,r“ wi:ll be uzed to d'esi-gn'atze a small
plate attached at right angles to the chord of an airfoil at its
trailxng edge. (See. Figure 1.) Such a bar, if deflécted from
{¥8 center position, creates L&fi, ip- "‘i"’&vc“‘a‘?m. GEEE T =
.successfully as <ontrol surfaces on German test mis les (Hs 293B,
- Hs 117) up to l\rcb 0.84. : - .
N-Li‘.—k"e spoilers, bars need very i‘.‘iigt.le'ébergy» to move them. A
control system with bars haes, thereforé, small time Iags and is
ssnzequently simpie: The weight of the servos is small. 'The
- - - e . G . - , I
H;--‘l-_'i""c‘-‘f‘ ‘-;;.- i 8
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adv&ffgﬁg of fered by short time lags is especially large for
missiles having automatic stabilization, which fequires fast
control zystem response. (Most guidance systems used for
fast and accurate control require automatie stabilizgtion
evenhif'thérmissile is already déerodynamically stable,)

At subsonic speed, the parasite drag of a bar is rathey
S small compared to the lift it can cifedte. The main disad-
" vantage of bars iz that their parasite drag exists even wvhen
ne 1ift is being created. However, the infiuence of this
drag,pn;ihﬁwn&ng&mé£»g~gé9&é%eu$&éu%£~Lu WERY CHEDEH DE GO+
-~z pensated for by the weight saved in the control system of the
misgile.’ ’ ’ '

‘;;%ith the exception of airfeil incidenceé controil, a bar

seems to be the only type of contiol sur face that may be expeeted

“to remain efféctive through the sonic range. Tests with bars

_ on: non-~sweptback wings and on sweptback wings .ear and above
the speed of sound should be made to determine their characs
teristics. The tests made by NACA in the sonic range appesar

to be inconclusive because the Reynold’s numbers were too
smalkl, =

and

Q

= *aﬁlggs a8 particular guidane B¥SCEW 18 T

fied, it is nof possidle f§ﬁgékgféthuﬁericaiAcomparisonlbetWeen“. -
the bars and cbdvéﬁtional}con&rdl aystams'atﬂaupetsoﬂie spezds.

" "It appears, however, that bars have features which should make

g them valuable for use in supergomic missiles. PFor example, it o -

appeard that, if bars are used, it would be feasibie to locate ) -
_the loﬂgitudihaikabntrolrat the resar of the missile, thus ainie )
mizing the diffieéult wing seroelastic probliems of supersonic

,®
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'misggles énd avoiding gaitew%hg»intefferéngg%/ - A=‘ T R
conventional types ef control surfaees

Fiaps .
For ﬁissile'éontzai, cenventional Tlaps have certain dis-
adventages., Hinge moments and mass are large; therefore, it o -

, requires a large amount of energy to move flaps. E&péciu}ly is

) this true if they must be moved rapidiy, a= is_usdialle ssasespiy— -
" for migsile control, (Hinge moments are dependent both on the 0

angle of atcack of the aiffoil and on the angle cfjdefleggion of . -

the flap; therefore, aerfodynamic¢ balance is possible oénty €q~$‘

limited extent. Furthefmome,la& éohic’;péed, this balance is

greatiy diStutbedu) Near the svpeed of séund; the «ffeéect of flaps

often reverses, e.g. if deflected downward, they create a downward

force instead of an upward VLife. - - —= R B

LN — o
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Airfoil Incidence Contial

€ a wing or control surface has no flap and control is
accomplishéd by changing the angle of incidence of the whele
surface, the effect of control movements does not réeverse near
the speed of sound. However, maas and forfcés sre extremely
lerge, and complicauted and héavy servos afe neseded to move the
dufﬁéce.' -
B Spoxler

It is possible to design spoxlers so that only a small
force is réquired to wmove them. $When deflected, spoilers have
CIETEE @AF rE I tENCE I Some designs have ldrge resistdnce evén
in the neutral position. Farthermore, a considersbie time efapses
between the deflection ¢f the spoiler and the cfeation of 1ift.

-Atﬂbnic speed their effect becomes uncertain, The decrease
of spoiler effectiveness near the sonic speed has received limited
investigation in the tests feported in Reference 1. The models
wefe tested only at = near-zero angls of attack of the airfoil;
this may be the reason that the problem of control reversal was
not experienced. )

bars -

Structurad Desxgn

The gtructural desxgn of the bars used on German miss.iles

je . nhown 1n.Fxgune 2.
cylinder,
Two or three hinges were used for a bar. %Long slots were used.sz
rivet holes so that moments of any direction cculd be transmmtted
between bar and levers.

‘The bar wes a section of a hollow circular

The ratxo T/H (thickness of bar over its hexght) was 1/8
to 1/%0 for steel; for Duralumin, T/H was chosesn aboit fxfty per
cent -greatér. The edges of the bar were well pogpfed.

Msuaily, a ratio of H/c¢ (hehght‘of bar over wLng chord,
see Pigure 1) of 0.926 was used. However, H/c =
used in o case where an especially large effect was redquired.
The elevators extended over abeut seventy to one hundréed pec cent
.atabilizing surface., and_the

with-tﬁefhinge axis located at the centes.ef.curvatuye._

.04 was ailgo’

B S

s

.

v

¢

Aw__.wsw.%_
NS
¢y

ESE

&4
4 -

g,
ay

.

5y
’-6'

o

B

B CE

W

axierons extended over about teén per cent of the w;ng span, In
adme cases,; oshly one w;ng wag fitted with an

-

attfapan
arigreonm.

Peérformance at Subsonic Speed
Sénme aerodvnamxc dats fer subsonic speeds,

derzved ftom
tasts performad stsa Reynohru number of 9. 106~ '

afe gzven from
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ﬁg; ' memory in Appendix A. Ihe pfoperties of bars are ¢om§ar@bf§ _ -
e to those of spoilers. They have, howéver, severdl advantages . ' "
g‘ over spoilers: ' .
. g
::z Their aerodynamic propéesrties are almogt linea#. Their f
P aérodynami¢ tiwme lag is aas small as that of flape. Their @
P effect is quite independent of the angile of attack of the s
L . airfecil - in fagt, they increagse the maximum 1ift by about E
0”? N the samé amount as they incréase the lift for zéro angle of '
%?1 .attaek. If deflected in the opposite direction, however, . -
i ’ they decsrease the maximum 1ift by oniy fifty per cent of - '
Sl merano that amomafife.- « = o e D DE i e e TP
5 Their effectiveness is simost independent. 6f Mach number
{-' up to aobeut Mach 0.88. For glow motion, the energy to move a
. bor from widdle position tOwexkiemé deflection, forf the German
?;3 ] design, was about ' s
e iz
o E = Ly €. ___ ’
. : WEX 100,000 \
. i
2 e where ¢ = wing chord and Lp . = 1ift on control surface created '
D by maximum deflection of the bar. Of this value, about one- i
f%ﬂ e ' half was caused by friction in the bearings (ball bearinge were _;
e o ) not used), about one-qudrter by inaccurate shape of the barg, . 0
?;2' ' and one-quarter 59 eir forces acting at thée edges of the bar __ f
hé; ) "and the levers aupport:ng xtm For flap control or for airfoil )
M;é incidénce control, the energy required is at least o hundred 5
&gg times greater. - ;
i s : . o i,
The ratio Db/th;m_x is 1718 to 1/20 (Db = pawra"i-t.e drag
vom - of the bar), depending on the size of the bar. This is quite §

a good value. Héwever, the daaadvantage of bars ig that the
parasnte drag remsins even when no 1ift is being created..
- The trailxng edge of the wzng in front of the basg was
. m&de ‘of sol;d mwterzal vig., cast magnesdium with machnnmd
' gsurface. Axrfoil buzz or fluttéer was =not experf ienced in any
applicg*aon. Anrfoxls were not placed in the wake of o bar.

v
.
o
.
'
&

i)

AT O SRR BRI

Influence of the Use of Bars on the Designofs Subsonic Uisailé _ _ '
. It is relatively eagy te estimate numericgliy the ingrense ot . oL
of drag when bars, instead of flaps, are used on a rigsile. The
weight sdved in the seérvo system can be established only for ...
known design of a flap-controlled missilé. The increase in
perforwanéé and reduction in weight of the missile that ghort
time lags make possible can only be determined after a redegign
of the control snd,guxdance system of the mxssxle.h
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S : - . . _ _ . . e ' - "‘Qg
ﬁ.f; The Hs 293 was a German air-to-ground missile with a total NN
N weight of 2,300 pounds. The sirframe was automatically stabilized s
Qﬁ% in roll, but not in pitch. The shift froim flaps to bars made it :

possible to change from the proportionsi elevator deflection to =

) fast-changing full up-down motion, in which the continuous effect . RS

,f°; was achieved by changing the ratio between the up~time and the R

ﬂ“q ) down-time. This resulted in faster missile regponse and in an

L extremely simple control system. The power required for s@rvés‘ _
dropped from 350 watts to 50 watts and the weight of control ) ) 06
equipmenit from 150 pounds to 50 pounds. By replacing the battery

weee . _withapeirscrew-driven generator the weight was further decreased, ) bt
to 30 pounds. Tﬁ:g-f1gure ‘includés the weight ‘(about 9 pounds) o ' o
of the control computer in the missile and that of thelservoa. S
It may be expécted that similar improvements can be achieved in o ) ?
s ter missiles. The snmall power requirements make it possible to N
avoid the use of hydraulic or pneumatic systems. |

The objection may be saised that bars do not permit the R
short time lags acdhievable with wing incidence control. ‘Since e
their mazximumn 1ift coefficient is only 0.38, sufficient 1ift can
only be created by using bars at the tail surfaces. However, if
o . some carée is taken in the missile design to schieve a gmall
moment of inertia around itd piteh axig, the missile time lag
need be only 0 is or 0 2 seconds. Since the 1ift of most missides
25 the elevator deflection, this time lag
he smooti ing of noise. As & rule, the time
lag of the highly powered servo systems of wing incidence control
is & pure loss - regardless of whether this lag is in thé servo
systems themselves or applied in front of them for smeothing -

purposges. 2o = e

ve

F
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The 1nf1uenoe of the drag of barg, compared with that of
\conventional controls, on the .range of =a subsonxc mnssale, RN
- anvestxgated in Appendix B. Becaf§e of the we;gnt 9aveu BT tne
2eTVO system, missiles with o
gdin in range if thxs gaved wexgnt 1s used to mncrease ihe saze -
of the rocket; m;saxles fiying horizontally may lose &apge.

el alsm ol Dl ot

¥

Performance in the Transonic Range
For the transon;c range no test’ ‘regults for bars on o~ S
sweptback wxngs,are avaxlable. Hence, such tests appear tu ’ '

be in” order. There exist only the fesults of A TEest (Kemer-
. ence._ 2) cover;mg the réange up to Mach 1,05 on a 45 -degree

SWeptback wing. In this test the effectxve Mach -nunbes (Meff
0.75) wasg consxderabxy smaller ¢han in the wind tunnél testsg
degcribed: in Appendxx A. The Reynold's number was be low ﬂba
Oscilldgtions occurred at speeds near Maech 1. 0, ard theretore

the test FESULLS ApPpPEar Lo OC uul}g_ji_éqbéf.’““‘?:::c ‘:fﬁ-.-.\.‘:ii";::‘:.- - - =k
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of the bar was congiderably smaller thah would be expected from
the test in the hzgh -gubsonic wind tunnel of the Deutsche
Versuchsanstalt fur Luftfahrt.

Performance at Supersonic Speed
- At supersonic speeds, a har crestes a shock wave in front
of it (Figure 3). An increagsed pressufe exists in thée smail
region, A, betweén this shock wave and the bar, and this results

;é: in a 1ift, Ly, on this part of the airfoil. This 1ift should be
LAnCH independent of thé chorfd, ¢, of the airfoil, as long as c>A, and
. g of its gngle of attack, aé long a&s this angle is small., Wind-
sy ; tunnel tests should be miade to determine Ly and Dy. As no other
. independent variableg are involved, except Mach number (and, to
== some extent, Reynéld’s numbér), such tests should ‘be comparatively
R inexpensive. -
,’p '4; ‘{ S .
"”:f Some information agbout the values ¢ 1lift and drag that
e might be expected can be derived from existing wind tunnel tests
)WQM? and from tests performed in shallow water (see Appendix A)‘
‘Q'&j Alxhoggh this information is in no way conclusive, it indicates
yﬁ | that lift-to+drag ratios of 4 may well be expected for a bar on a
“adfi . sweptback airfoil up to a Mach number of 1.7 or 1.8, If the bar
SR T is hidden behind the biuntly cut-off trailing edge of an airfoil :
A;TTE (see Figure 3, right), the dreg of the non-deflected bar can be
-

%

reduced¢ espeqully at high Mach numbers.
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Ta Appendzx B sectxon 5, an 1nvest1gatxon is made of
the influence that different vaiuee of Db/meax might have on
the range of a supersonic monoplane missile if bars were used as
elevators.  The feag?ﬁility'oi.ugiﬁg,bgrs depends upon the purpose
and the désign of the .missife. . As a rule; if thé weight of the
control and gservo system can be reduced by an amount egual to

.5 to 10 per ~ent of the weight of the propulsxon system, FQNge
will not be lost by using bars. Such wexght redyctxons may well
be expected. ' : : ,

'

Because wings of suoersonac missiles usually have a very
smallaspectratxo,the1nterferencebetweenwangandcentrol sur face
is particulariy high. As a rule, this is combined with some loss
(i.e., increadge of wé'i'g-l:‘)t and drag). However, the chord 6f a ¢ontrol
_surfaee in front of g bar .can be kept small (Figuré 3) and the inteér-
ference efféect thus kept small. With bdr control, it appears

-

_31mhc-a.‘hln.4n locate the.eleuvntor on a Separate. surface 4t the

BT e - LN I

IS e e e e e

.reer (see igure 4).

. - P 1 s S e o -
—r = FaewmeT i Gl = E . oo - 5 Sooa V8 &

< 7 - T =

Because of the thhnness cf supersonic wing sectiong, it is
impracticable to use flaps or airfoil-incidence control for rolil
stabilization., It should always be possiblée, however, to' mournt
and operate a ‘bar near a wing tip.
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conclusions : - Sk
: _ o
B The use of bars should be ¢onsidered whenever a simple ) o jﬁZT
control and servo system is desiréd. Although bars have greater -(Tf
drag than conventional control surfaces, thedr use makes possible ) ‘;2;&
marked reductions in the weight of the control and servo system. ey
Congequentiy, a net inctease in the range of & missile may well ‘ ’ iﬁi&
- result from a changeovér to bar control. This will be especiaily i“"f
i true for miss iles that have a considerable angle of climb (e.g., : f#L%
i is degrees\ or @ congsiderablie increase in spééaﬁéurzngf‘ heRT = %g
§ £light. =
A In order to answer the quéstion of whether or not bars & ﬁf
1 are feasible for flight at supersonic speeds, the 1lift end drag b o
: coefficiente of bars a* these speeds should be determined by ?,3
. some simple tests. A 1lift-drag ratio of 3 or 4 would be large ifiﬂ
; enough to render the use of bars advantagecus at these speeds o,
E for at least some types of misgiles. i.;v
e Fora
| - o6
L—,.,;:::'f" e s _?@_g_ eyl el S T _ ] T ) '?o--gfﬁ
B - = SeeE B B e s R R e B S S e i e S = R s ST s E —\-_'_-:—--—"-“ e
[ T [P
E‘ o i. Sand-sh.‘l... Cagl A.t Free-Flight Investigation of the Rollimg ?ca
P Effectivenecss of a Wing-Spoiler Arrangement At High Subsoniec, %
4 Trensonic, end Supersonic. Speeds. NACA RM No. LBAQO7, 1948. . f
[ 2., Silsby, Norman S., and Daum, Fred L.: The Effectiveness of
3 & Trajiling-Bdge Spoiler on a Swept-Back Airfoil at Transonic
. Speeds from Tests by the NACA Wing-Flow Method. NACA RM Wo.
[ g : L6E12s, 19247. =
3 I ; o £ ) -
i 3., Juergen W. Héberle, George P. Wood, and Paul B. Gooderum:
o, ] Dota and ‘Shape on Location of Detached Shock Waves on Cones
g ) and Spheges. MNACA Techni.col! NOTE 2000, 1950.
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_ AERODYHAMIC DATA FOR BARS

Tests with a model having a 10-foot chord (Reynol&. number .
%*105) were performed st a2 lew Mach number (M
BNS

er
wind tunnel &f tie TVL gdcuu:g::e “Yersuchs
Berlin-Adlershef) in co-operation with the Hens »h 1 Flugzeugiwerke,
L ]
Schpnefela~bei Beriin. These test results are quoted from\mémdrVQ

-.-s\ in e lafge

a 2t w..2afitoa . SP—
T TUF LUTeAEsTwy

('P
(-

The fully deflected bar on a wing with infinite aspéct ratio
gave o 1ift coefficient with referernce to the wing area ia frént
of the bar, °L’ and with reference to the frontal area of the

bar, °LAb‘ ) B

H/c = 0.026 - . Hje = 0,08
ep, = 0.29 . ey, =.0.36

cLAb = 11 ) CLAb = 0
¥

the bar in the middle position, the drag ‘coefficient wag
t cpap = 0.5 for Hic = 0.026, and cppy = 0.7 for H/c = 0.04:
For the defleécted bar, the coefficient for the parasite dfag was B
not gccurately determined, but it did not seem to be much higher.

Thus the ratio of lift ¢o parasite drag rangés between about
12 and 20. ’

or
e o
BoOu

The tift created by the bar was proportionai to the amount of . e
barsdeflectzon and quite independént of the angle of attack of
the Wmng (Figure §). The maximum 1ift of the wing was'incieased
by about the same amount ag the 1ift ‘for smaller angles of attack.
For ltarge hegitive angles of attack (Figure ic), the efregt of
bar deflection dropped to about 50 per cent of that for positive
anglesd of attaédk. . . . : : g
Teats in the high-subsonic wxnd \unnel of the DVL showed that, -
up to approximately Mach 0.85, the Tift vas nearly 3ndependent of
Mach number. The drag coefficnent was not detesmxned. The
Reynodd's number was npproxxmately 2. 5 to*

No systematic tests at aﬁpersmnié speeds were made in~Gefman§.
Cnly o very small model, of a tailless missile (Figure 5),\waa
tested in the superaonic wind tunnel of the Aetodynamxsche o -
Vexgu@haansta]t, Goettingen., The bar was sufficiently effedtive = 7 -

- - " P - ST N e SRR po— Y o Y e C) N i 9 st
CO Provite COntIUl [OX LT Wi3SEiC at- \.-.c mav s .......bf‘?'e—"“““”“ “‘.“h—:—-“‘“— e

bhe"mimsilé*Waé designeducM'S 1.4). g

Amer ican wind tunnel tests of shock waves 1n front of cones ‘and

of disks are deseribed in Reference 3. The pressure immediately
- ; N A %

- e
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behind the shock wave and the stagnation pressure at the centef
of the disk arée known from theory. Knowledge of these presgures
permits o good eatimate to be made of the pressure distfibution
in the space in front of the digk. The foree eon an airfoil im
front of @ "bar® of the slape of = half diek, s hemoe the deag
of this bar, cen *hen be MMEMMMWMWMW (The pressure Behind the bar

mas cgsumed to be zeto.) These Wmmmwm T mwwwm‘mw Figure 7.

Primitive tests, im which pletes were mowed e ough shallos
walter, hawe been wmw%m\mwm at HAWTC. ‘Thede WW@WW‘WWWWWWWW the
two-d bmeie fonal §low i fromt of a plate ai supefsonic ap wwwm
iy evaluwated by the abowe me M‘hwwmﬂ woredl o e Mwwmw -]

The reswlts @
(oo -

e Eests g

guee T. . For lovw swpersgo ‘ M@@W\MMWMW“
ave similar walues for lift i deag. MMMMW@M‘MﬁwMH;[
hgwrewe s , the o ind MWWWEW teats ashow @ mwmw
1ife coelficient. ig differenee mw mwmwmwmw‘mme wm‘me mm‘
to the dif ferenge in ges mwmwﬂmwmwmwww for the teo btests (=
1.4 for v, but 2 for the hallow watery, omnd e olLEE wwwwmww
1 I e

Roth tests showmed that a 1ift
expected for & bar on & mom-aweptda  wing e Moch numbers below
1.5. Showld Futwre wind tunne! teats with oetual bBera conf ire
the shorp deop WW MMW MWWM\MWWM nunber, then the aivfoi 15 o U]

! irfoil increases the MMW g Lue

”“ngwWme rotio of owver 2 moy be

B e redoet ion of the effectd

wwwm%www Mwm alpe because the drag compomnemnt dm e

WMWWMWWWW\WWMWWMMWW mm‘ﬁﬁ%ﬁﬁ%‘mww pe r = oweep angle. “Www
Al

" MMW
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O . Method of Comparison:

>, W o If the design of a missile is changed from a conventional
= type of control surface to bsrs, the range of the missile will
| be altered. Bars incvesse the wwwm‘wﬁ a misgile, but their wse
permits a reduvction im the weight of the servo and control oysted.
In the following cobperison it is assumed Yhat the entire gawing
in servo and control syatem weight s weed to increo ae ke &g
of the power plamt. This the dreg ineresse imtroduced by tthe
bare is counteracted by mww incresge in power plant thrwat. The

range will be changed by &B. Should the saving in weight be juat
encugh, the enlarged motor will be sble to deliver the increased i
thruat for the zome length of time, snd the renge will, conge- , |
quently, be unchanged, i.e. AR = 0. ' ;

For the following comparison, it is also opoumed thot omgle

of climb, opeed, and air resistence of the mieed le ore sufficient
it amt to per it wge of average welues for the period ;
B, S T WWMW_WMWTWM@JMﬁWWWMW F

L N ' i |
mﬂmw wwwmmmwmwwwm mmw\mmm wuy foces

Ay eomng

o= avarage total weight of the vhole missile (includes helf the
meioht nf tho Susl) _ _ . . I

St R T = = i »— = EE =3 =

. = averoge weight of the propul sion MWWWMM\WMWMMWMWH4MMMW e
weight of the fuel) ’ ﬁ

. . D = awerage totsl drag of the mieaile, MWWWWMMW“ wmwm e e ol M

e Mecs s JW‘WWWHMMW‘MWWW'-' B - -

asccelerat

¥V = aversge wwmeJmM“mww misgile

l
R = rangeof thé missife — _ . : L.
‘W}m MMWWHE@ engle of mﬂﬁﬁ@i - S T B ———— p—
By= increment of speed of the mingile durimg ite Tlight K
) g = wwmewWwWWWMumW grewity =
t WJ@MW‘W mhmmwww WMM@MW WW the mis )
“:T = !; "’-“-.ﬂiﬂ ‘3’ + ﬁv ﬂ/gt = awerage thrust ;eveiewd by tHe- -
propulsion system = ‘ .
1=Tt =1
R the MMWMM WM m N
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v
. K For the design changeover to bara, the following oymbols are
L6 L - e
5T ugsed: — ’
“’fk“ AD = increment of drog
: A§8= decremeént of weight of control devices and sefvos B b
Pre 2 .AWP= increment of weight of the propulsion sygtem )
aq‘: > _ -
rf: AT = in¢rement of impulse i
AT # increment of average thrust s - ’
s, ,;‘;%‘ ] ) s .
D ) AR = increment of range of the missile e :
S o ) ;
g It is asgumed that; when thé design is changed, thé speed V . %
;»'?_. & and ‘the average total weight of the missile, W, aore unchanged and !
S that the weight saved in control devices ond servos, Uys dn used
S . to increose the weight of the propulgion system by S
oo Avp = A, (1) I
< //: I -
e = e i o o o . = st = PR N < - i o
ey thue increasing the impulge, I, by AI. It is cscumed that ¥
Fo o | - - : ;
Ve A _ Dvip , (2; ;
’ 32 i ‘I Ve . )’ ) - '
JE I . = Eer e - s amem __P = - — — P e e
e T T T T T : R it
D - - s
N This impulse gain, AI, is partly used to ovefcomé the increase . . o
N in drag o
Wy A .
S AT - AD o e €3y . - e f
e U . e 7 M?
Agnd pertly to. 1ncr°ase the range,. algebraically, by &R. . . ‘
Before the change, ‘;th,e f;-mz_;v_:u;l'.se i . sk L F
—— I ' ’ . u e €
e o . I I Tt 2 TR PR 0 . ;g
- ¥ - . B
B - > §,
) k
- Vith the change, the impulge changes by A e
’ b
NS S S fj
- - - I T R' - ] v ,i‘_’
e : — I RS E"‘L Eq‘-:‘a TaUGG —ﬂ\ FOrE “,)’ ~u;ﬁi“-€‘3737“—ﬁ:ﬁ:i‘s“f-—‘_-z:ﬂ"‘au 'yl.c;."a“d"!—sh* - - = R wigl
. P S AD/W . 9 -
R D/W 3 sin % * Av/gt i
—- e b
- - - - :
. N [— *®
LI
i 5 &
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{
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. "é . e __E
o] ) ) . : )
T In case the air density changes considerably during the flight of
ii the migsile, thé everage walué of density has to be congidered in
A . : computing AD and D.
) If AR > 0, rangé is gained by the change; if AR < 0, ronge ip . -
1ssi. | S - .
2. _ COMPARISON VHEN DIMENSIONS OF BARS ARE KHOWN:
’The-f@lléwidg,aymbcis aré ugsed for the misgile with conven-
= tional control surfaces: ]
~ r_[ - R - - -~ - -. » - - - - «
o 78 = wing ares, taken as a reference area for the sefodynamié D
) coefficients

~te 5 o S .- P S S S e R 5 [P N A N v S S S PR P S

wing chord

o
w

= = P S My PP, T Sy 4 avi U . oy B L e e = =
-e SY ST u5= SO AU A AT R T T U VT AN A e aTET AT aC Te ARl R a0 ReT e
] sary for-control
" n = maximum load factor, co-ordinated to Cp
max : .
) ] max
CL = maximum 1ift coefficient
Lvax ‘
L :,;f_; :;j?_:;_ == :4,_,_,,4’. 9;\;,,_:? ,;,'i'"‘Eg'—"Q‘?-Egtf_jige&t?:’-f@;{ﬁ;t?fgE:i_‘?-';"l,ir*a;g,':‘ff"”-ﬂ_tjh-e“‘?l‘-o‘ad'f-ft,a.”L"."_";;'_ﬁ e e e e
a = impact pressure -

Cp = increment Of*dfug coefficient caused by conventionail D =
e control surfacos of a migsile, 'with reference to wing ared.

—r e kT B . — — e — S e — e

3

‘Thgrdtmension@ of bhé'baxs afe giyen by:

.8y = that part of the total airfoil area, including stabilizing

o gu?ﬁacé51 bbat'&s in front of bars (Figure 1) S

H = dverage hexght of bars : 5

I - = sum of the frontal areas “of 21} bars usged on the - ii'm'“l-*f
¢ missile. . : ' : i b
HOTE: I;'is-égsuﬁed that the traxlxng edge ig only sllghtly
J U, *&_«‘——*—23"‘?.—"29-9—3’ - P P e S el & e 1 e Tt e - & B T TP
Cp, *© drag coefficiefit of & bar thh reference te its frontal _‘ oL
Zb  area. e . g = 5t '
Db-’ dnag created by a1t ba rs._u.sed“QLt_ne..m;que- - R
e A — ER i —————— ———— : p __i&mg
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d distanice between the center of gravity and the neutral point
e e i e £ oMo o —DOgdtion S N S SO :

P

§ = o=DEX - g - g

If Av = 0, Equation (4) yields: ' )
i e - Cp. o« Ay L Cp
pR Do, Ay R Te © (s

R w, T c - , | '
. '(CD)-n + max sin Yy ] :”
n.max - t
o : .
MR S¥, Pt ST D (58)
B T e e er e o _ N 2ans T e Sy S S S S PN —ae e
= Wp - <F ' ' oo S
“max . 1o S
(CD)n + n s1in 'y B t
: max ) i
If the altitude chaﬁges-considerﬁbly over the pathof the migsile, :
the average vaiue of air density has to be considered in com- ) o
- ‘ {
} 53
TFe GUMPARKISUR WHEN STABI LI IV GORD I TIONS ARE KNOWN: - -~ - LR
The following compnrxson consnders only pitch ¢ontrol of 4 _i‘
monowing missile. v
s
Symboléd : : ) . It
e . - ' - - K Lo <
hy; = loed fector for whnch equml;brnum of moments- a.round;~.the-plt'c}h E g7
' exis exists with undeflected control su rf 1ce, for a middie . %;

valug¢ of ¢.g. position and a middle value of Mach numbey

ﬁﬁ;i 8 change of foad factor from ng;

e. = tﬂé—magn-'“de 6t the meximum expected change of dﬁsta&dé
between center of pressure and center of gravxty for ng

The total«relatnve shift of these two centers may reach 2e
nméig-maximum-loﬁdwiaétbrfneédéd-for1guidangg-, . L S a:
a = distance between the center of gravity snd the locationof L, . é
s B ' ;-
o e - P B B
. | 5
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L. = the lift on_the control surface ths¢ must be created in order
to establish sfatic equilibrium of mb_inen_ts:
aLc=WdAn+We(nm AT
Lcé‘ maximum value of L_. For n, = % max, and for d/e positive
(as it must 'be considefed), Lg, occurs for n,_.:
e : - L = W&, 1+19 o
e co” Vo Mpax (1 F 270 (6,
14 M

£ = a factor (f > 1) fépresenting the reserve of elevator effect
s .. Nnecessary to create anguler accelérations

. -
%”; Lo = maximum Iift on control surface, which must be created 5
J mex by elevetor deflection '
ft o T o B

. :
,°‘,,_~ , L = £, L . B 7 i

- C.ma'x €O (7) i
ey D, = sverage parasite drag created by conventisnal control murfees’ o Vo
JEJ S - S
=] Dy, = perasite drag createo by bar elevetor ) h =
e L e e e = == . —= e A et ,.,,,.
;&"";J'.'f‘ T With AD = qb - -_n Equations (5) and (7) yield . )
e Y <
S v, i
e Wiy . & d Ly — Dg 8 [
oy T o0 % tmex (1 F 2D 2 S k
6! S ] .

4" - This may be introduced into Equation (4>‘ . . N

! ) :

%. HUMER!CAL EXAMPLE FOR A SUBSOHIC ﬂ':"la'S;S.!'sLts_E:

»

For an aerodynamxcally Ztable subsonic mx,asx.le, the dxn-enav
. sions of the bars are assumed_ t6 be khown: . _ . ——— e

H/e = '01.-(:)3

’?":"

e
a5

3

ey

9

BT

T it ;’,‘"‘*‘*}:":’" gy
& o g

2P

ekl o

T AR

T T,
N

N

) $,/8 = 1/3

“The drog coefficients are sasumed to be: =~ ° 7 S :
' €y ¢ 0.65 S -
D ' [
Ay i
Cp = 0.0015 "
S e S - - i

(Cplp= 0.04 ..
. .
) O P e e s 2 ...E‘fa-
o vasasmmr PR i ———— - R X EVL vg“
o - e R 1 S N
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o C '~ The maximunm load factor shall be ng . = 4; ths iift coefficient

for n_.._ shall Le C £ 0.8.
max - Lasx -

i With these assumptions, Equation (5a) yields the values
plotted in Figure 8.

6. HNUMERICAL EXAMPLE FOR A SUPERSONIC MISSILE:

It is assumed that thé missile is stabilized during the boost
phgge'by additional stabilizing surfaces attached to the boosters.
For the remainder of its flight, e/a = 1/40 may be considered as
a sufficiently high value for a missile that is designred to fly
without létggvcontrbl accelerations, esge, n . = 2; e/a = 1/30
i for a missile with n = 6. For an aerodynsmically stable
migsile, £ = 1,2 should establxsh sufficient centrol-reserve for

angular accelerations, and for -a- “concroisscmbilized mragile,
£ =-1.5. -

_k

1
-

e e e B e e feurmin e ol S b s

] In,Tgble'I, two types of mi
- flying horizontally at high al

. -
LI =+ 23 <

2af lez 3
titudes with a good'g]xde angl
T T T T T B/L ¥ sin Yy = 0.25 and a, small maximum accelerationi and a -
} sur face-to-air missile having; at an average altitide, a maximum
T ecce!eretxonvoﬁ”ﬁgwand‘a vdlue of D/L + sin ¥ of 0.6. The assump-
tiofis are Suiinarized in the upper part of Table I. For Db/me
SIS RTINS, tne wei gt of controd and Servo system must De reduced- Dy = e
i % approximately 10 per cent of the wexghgwpf the propulsion sys?em, )

’ if the range for both types of control "surilaces is . to be the same:.

Ae another example may be chosen a short range sif-tS=-air
miagile which is accelerated by its main rocket in such a wey
that, at the end of its flight, the speed is 500 ft/sec highﬁr .
than gt launcting (Av = 500)., The time of flight is 12 seconds; .
For medium é@titﬂdé&,vqméx = 15, D/W = 1.5 are assumed and for ’

high altitudes, ng, = 6, D/W = 0.6. Assuming D /L, = 0.25,

De/Le = 0.1, £=1.2, e/a = §1~ d/e = 2 and 7 = 0: MEX

_..-._a._.__._..-__.....a._..‘._— ax U P UL NV V. _ & PR

Ap/T

9.7 per cent for medium altitudes

~
LN

5.7 per cent for high altitudes.
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Y table I .
Comparigon for a Supersonic Missile for fv = 0, D/L, = 0.1
. o max
T . Aerodynemically Conitrol stabilized ' .
| . stable m-is‘si‘.’i'e ‘ migsile
.- | 9o s 6 2 6
o lare = 2 "2 o o |
“ = S P 1.2 0 W SR T SN I SUH S ~ —
N é/a = | 1740 i/30 | 1/40 1/30 B
: - /W .+ sin 7y 0.2 . 6 0.2 . 0.6 . T
| AD/W for Sy | T
TR T T /L, = o.s 1 3.6 9.6% 2. 2% e | - &
) - R b meax ) ? ° ¢ "
S | = 0.28 | 1.8% 8% 1. 1% 3% .
-} AD/T for 1o o R a .
| Dyp/ly = 0.4 18% 24% 11.3% 1% |
:.~ _ B . G g A ) A i e ) 3 - 5 - S\ * -
o 1. e 0.25 9% 12% ; 5., 6% 7.5% | :
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- Fig. 1. A "bar" i$ a small surface .attachqd_gijhe tratlmg : e
T ’ “edge and at rnght angle to the chord. If deflected o
) from its center position it créates a l!.ft Lye - . - . ¢
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Fig. 2. Structural design of a bar for a German missile,
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Fig. 3. At supersonic spes”'s bar should ¢reate a shock
- < wwse_wave in front of V¢ and lift L. The'xight hand _ -

TN,

o side gesign gives less drag of the undeflected : -
bar byt higher droeg. of the deflectea nni . - .

-
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Fig. 4. With b-ar control it appears feasible to locate .
the elevator at the tail of a supersonic missile, .
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angle of attack of airfoil.

per cent of full bar: deflectxon,
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p = 0 means nddle position,

Lift coefftctent, Uy, creatéd 0y Oa&r Geyiection -
at subsonic speed, quoted from the author’s memory. :

H/C = 0.026.

Wind tunnel nodel of German missile designed for
low supersonmc speeds showed aufflCLent effect -~ ) -
of bar elevatars. ) T
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" - AW, Wi, saved by bar control -
' WP Av.: vwit. of propulsive sysitem - EN
AR/ > L indicates increase in range resulting from bar control; ;
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Fig. 8. .Rang@ coﬁpariSon for aenadyanicnliy stable sub-
sonic missile. : :
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